Seizures are thought to originate from a failure of inhibition to quell hyperactive neural circuits, but the nature of this failure remains unknown. Here we combine high-speed two-photon imaging with electrophysiological recordings to directly evaluate the interaction between populations of interneurons and principal cells during the onset of seizure-like activity in mouse hippocampal slices. Both calcium imaging and dual patch clamp recordings reveal that in vitro seizure-like events (SLEs) are preceded by pre-ictal bursts of activity in which interneurons predominate. Corresponding changes in intracellular chloride concentration were observed in pyramidal cells using the chloride indicator Clomeleon. These changes were measurable at SLE onset and became very large during the SLE. Pharmacological manipulation of GABAergic transmission, either by blocking GABA A receptors or by hyperpolarizing the GABA A reversal potential, converted SLEs to short interictal-like bursts. Together, our results support a model in which pre-ictal GABA A receptormediated chloride influx shifts E GABA to produce a positive feedback loop that contributes to the initiation of seizure activity.
Introduction
The failure of GABAergic inhibition has long been cited as a contributing factor to the generation of seizures in epilepsy. Pathological changes to inhibitory circuits have been argued to occur through the death of interneurons (de Lanerolle et al., 1989) , change in the organization of GABAergic synapses (Marchionni and Maccaferri, 2009; Thind et al., 2010) , or reduction in interneuron excitability (Martin et al., 2010) . While epilepsy is clearly associated with changes in the anatomical organization of GABAergic networks, the pathophysiological action of GABA in seizure generation remains unclear (Cossart et al., 2005) . In particular, it is difficult to determine whether GABA changes are adaptive or causal solely by examining the anatomical changes that occur in animal models of epilepsy.
Some studies have begun to link dysfunction in GABAergic interneurons to onset of epileptiform activity. For example, when firing at supraphysiological rates, interneurons can also be transiently rendered ineffective at inhibiting postsynaptic targets either by entering depolarization block (Ziburkus et al., 2006) or by causing postsynaptic chloride to accumulate to depolarizing concentrations, effectively making GABA A synapses excitatory (Ben-Ari and Holmes, 2005; Fujiwara-Tsukamoto et al., 2004; Köhling et al., 2000; Staley et al., 1995; Taira et al., 1997) . The latter mechanism would have the effect of transforming feedback inhibition into feedback excitation, producing an unstable, positive-feedback network. Large pre-ictal alterations in the reversal potential of synaptic events associated with epileptiform spikes have recently been reported. Although the responsible neurotransmitter was proposed to be glutamate, some interneurons were found to fire prior to the pre-ictal discharges (Huberfeld et al., 2011) . Interestingly, reduced expression of the outwardly-directed chloride transporter KCC2 have been found in both experimental (de Guzman et al., 2006) and human epilepsy (Aronica et al., 2007; Huberfeld et al., 2011; Shimizu-Okabe et al., 2011) . Electrophysiological assays of KCC2 transport have demonstrated reduced KCC2 transport capacity in multiple experimental models (Jin et al., 2005; Lee et al., 2011; Pathak et al., 2007) . These studies support the possibility that the chloride gradient may be selectively labile in chronic epilepsy, and that chloride accumulation may be a pre-ictal mechanism of activity-dependent loss of inhibition.
Due to technical challenges in recording from large neural networks with cellular resolution, studying the physiology of this complex balance between excitation and inhibition in neural circuits has Neurobiology of Disease 47 (2012) 358-366 
